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EXECUTIVE SUMMARY

The firefighting capabilities of the state-of-the-art water mist fire suppression systems

were evaluated in smaller (-100 M3) machinery space applications. The primary objective of this

investigation was to evaluate the applicability of the International Maritime Organization's

(IMO) test protocol and design requirements to smaller machinery spaces and to machinery

spaces with combustible boundaries.

In December 1994, the IMO Maritime Safety Committee approved guidelines for

alternative arrangements for halon fire extinguishing systems (MSC Circular 668) [ 1 ]. Annex B

of the guidelines provides an interim test method for evaluating equivalent water-based fire

extinguishing systems for Category A machinery spaces and cargo pump rooms. Since the

development of these guidelines, numerous research programs [2, 3, 4] have demonstrated that a

properly designed and tested water mist fire suppression system can provide effective protection

of Category A machinery spaces. These tests have suggested that smaller spaces should be easier

to protect due to water mist's dependence on oxygen depletion to extinguish obstructed fires.

The concern for these smaller spaces is whether any of the strict design requirements for larger

spaces (i.e., duration of protection) can be reduced to achieve a lighter, less costly system.

Machinery spaces regulated under Sub-chapter T and K of Title 46 of the Code of Federal

Regulations and IMO's High Speed Craft (HSC) code may be constructed with combustible

boundaries. Therefore, combustible boundaries needed to be evaluated in assessing the

extinguishment capabilities of water mist fire suppression systems in smaller machinery spaces.

The goal of this effort was to determine appropriate protection requirements for smaller spaces

and spaces with combustible boundaries. This work was performed under a research and

development project for the Life Saving and Fire Safety Standards Division (G-MSE-4) of Coast

Guard Headquarters.

The fire suppression capabilities of five commercially available water mist systems

(Chemetron, Fike, Grinnell, Fogtec, and the U.S. Navy's water mist system) were evaluated in a
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machinery space with nominal dimensions of 5 m x 7 m x 3 m using three ventilation conditions

(closed compartment, a naturally ventilated compartment with a 1.7 m2 vent opening, and a

compartment with forced ventilation 25 m3/min). The five water mist systems were each capable

of extinguishing 9 out of 15 of the test fires included in this evaluation. Degradation in the

performance of each system's capabilities were observed primarily during the tests conducted

with forced ventilation.

A steady state extinguishment model developed during a previous investigation was used

to analyze and explain the results of these tests. The model was used to predict the critical fire

size for the three ventilation conditions included in this evaluation. The critical fire size is

defined as the smallest fire that will reduce the oxygen concentration in the space due to

consumption of the oxygen by the fire and a dilution of the oxygen with water vapor to the

Limiting Oxygen Index (LOI) of the fuel. These critical fire size predictions helped explain

which fires could not be extinguished.

The model was capable of accurately predicting the steady state compartment

temperatures and extinguishment times for the spray fire scenarios but had difficulty predicting

the results of the pan fire scenarios. Throughout this test series, the pan fires were more difficult

to extinguish than spray fires of a given size. This is believed to be the result of a reduction in

burning rate caused by the lower oxygen concentrations in the space. If a reduced burning rate

(50 percent of the estimated ambient value) is applied to these results, the model predictions

become similar to those measured during the tests.

Three of the water mist systems were tested against three different boundary materials to

evaluate performance of water mist technologies against combustible boundaries. The initiating

spray fire used during these tests (250 kW) was one of the more difficult fires to extinguish

during the system capabilities evaluation. However, this initiating fire was sufficient to ignite a

significant amount of the combustible boundary material. The combustion of the boundary

material increased the fire size (higher heat release rate) making them easier to extinguish.

Consequently, all of the combustible boundary fires were extinguished during this evaluation. In
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only one test did fire bum through the combustible material. This test with its unexplainable

variance was viewed as an anomaly in the data, and is believed not to alter the conclusion. In

general, combustible boundaries do not pose a significant challenge to water mist systems.

The final objective of this investigation was to determine if the current system design

requirements (primarily duration of protection) can be reduced for water mist systems applied to

smaller machinery spaces. This would result in a lighter, less costly system. The results of these

tests suggest that the current IMO design requirements can be reduced for smaller machinery

spaces. The amount of reduction needs to be based on the size/volume of the protected area, as

well as on the ventilation conditions in the space. An approach for determining these

requirements is also described.
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Table of Contents

Test # Water Mist System Fire Scenario Ventilation Condition IPage #

1 Navy 1 MW Spray Closed Compartment B-4

2 Navy 1 MW Spray 1.7 m2 Vent B-10

3 Navy 1 MW Spray Forced B- 16

4 Navy 0.5 MW Spray Closed Compartment B-22

5 Navy 0.5 MW Spray 1.7 mi2 Vent B-28

6 Navy 0.5 MW Spray Forced B-34

7 Navy 0.25 MW Spray Closed Compartment B-40

8 Navy 0.25 MW Spray 1.7 mn2 Vent B-46

9 Navy 0.25 MW Spray Forced B-52

10 Grinnell AM4 1 MW Spray Closed Compartment B-58

11 Grinnell AM4 1 MW Spray 1.7 M2 Vent B-64

12 Grinnell AM4 1 MW Spray Forced B-70

13 Grinnell AM4 0.5 MW Spray Closed Compartment B-76

14 Grinnell AM4 0.5 MW Spray 1.7 m 2 Vent B-82

15 Grinnell AM4 0.5 MW Spray Forced B-88

16 Grinnell AM4 0.25 MW Spray Closed Compartment B-94

17 Grinnell AM4 0.25 MW Spray 1.7 in 2 Vent B-100

18 Grinnell AM4 0.41 m2 Pan Closed Compartment B-106

19 Grinnell AM4 0.41 m2 Pan 1.7 m 2 Vent B-112

20 Grinnell AM4 0.41 m 2 Pan Forced B-118

21 Grinnell AM4 0.25 m2 Pan Closed Compartment B-124

22 Grinnell AM4 0.5 MW Spray 1.7 mn2 Vent B- 130

23 Fogtech DK6 1 MW Spray Closed Compartment B-136

24 Fogtech DK6 1 MW Spray 1.7 M2 Vent B-142

25 Fogtech DK6 1 MW Spray Forced B-148

26 Fogtech DK6 0.5 MW Spray Closed Compartment B-154

27 Fogtech DK6 0.5 MW Spray 1.7 M2 Vent B-160

28 Fogtech DK6 0.5 MW Spray Forced B-166

29 Fogtech DK6 0.25 MW Spray Closed Compartment B-172

30 Fogtech DK6 0.25 MW Spray 1.7 m2 Vent B-178

31 Fogtech DK6 0.41 mn2 Pan Closed Compartment B-184

32 Fogtech DK6 0.41 m2 Pan 1.7 mn2 Vent B-190

33 Fogtech DK6 0.41 m.2 Pan Forced B-196

34 Fogtech DK6 0.25 m 2 Pan Closed Compartment B-202

35 Fogtech DK6 0.25 mn2 Pan 1.7 m2 Vent B-208

36 Chemetron ESK 1215 1 MW Spray Closed Compartment B-214

37 Chemetron ESK 1215 1 MW Spray 1.7 mn2 Vent B-220

38 Chemetron ESK 1215 1 MW Spray Forced B-226

39 Chemetron ESK 1215 0.5 MW Spray Closed Compartment B-232
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Test # Water Mist System Fire Scenario IVentilation Condition Page #
40 Chemetron ESK 1215 0.5 MW Spray 1.7 M2 Vent B-238

41 Chemetron ESK 1215 0.5 MW Spray Forced B-244

42 Chemetron ESK 1215 0.25 MW Spray Closed Compartment B-250

43 Chemetron ESK 1215 0.25 MW Spray 1.7 m2 Vent B-256

44 Chemetron ESK 1215 0.41 M2 Pan Closed Compartment B-262

45 Chemetron ESK 1215 0.41 m2 Pan 1.7 m2 Vent B-268

46 Chemetron ESK 1215 0.41 M2 Pan Forced B-274

47 Chemetron ESK 1215 0.25 M2 Pan Closed Compartment B-280

48 Chemetron ESK 1215 0.25 m2 Pan 1.7 m2 Vent B-286

49 Chemetron 3/8 BD-3-3W 0.5 MW Spray 1.7 m2 Vent B-292

50 Chemetron 3/8 BD-3-3W 0.5 MW Spray Forced B-298

51 Fike F-I 1 MW Spray Closed Compartment B-304

52 Fike F-1 1 MW Spray 1.7 M2 Vent B-310

53 Fike F-I 1 MW Spray Forced B-316

54 Fike F-I 0.5 MW Spray Closed Compartment B-322

55 Fike F-I 0.5 MW Spray 1.7 m2 Vent B-328

56 Fike F-I 0.5 MW Spray Forced B-334

57 Fike F-I 0.25 MW Spray Closed Compartment B-340
58 Fike F-1 0.25 MW Spray 1.7 m 2 Vent B-346
59 Fike F-I 0.25 MW Spray 1.7 m2 Vent B-352

60 Fike F-1 0.41 m2 Pan Closed Compartment B-358

61 Fike F-I 0.41 M2 Pan 1.7 m2 Vent B-364

62 Fike F-1 0.41 M2 Pan Forced B-370

63 Fike F-1 0.25 M2 Pan Closed Compartment B-376

64 Fike F-1 0.25 M2 Pan 1.7 m2 Vent B-382

65 Navy 0.25 m2 Pan Closed Compartment B-388

66 Navy 0.25 m2 Pan 1.7 m2 Vent B-394

67 Navy 0.41 M2 Pan Closed Compartment B-400

68 Navy 0.41 M2 Pan 1.7 m2 Vent B-406

69 Navy 0.41 m2 Pan Forced B-412

70 Navy Comer - Plywood 1.7 m2 Vent B-418

71 Navy Comer - Plywood 1.7 m 2 Vent B-424

72 Navy Corner - Fiberglass 1.7 m 2 Vent B-430

73 Fogtech DK6 Corner - Plywood 1.7 in2 Vent B-436

74 Fogtech DK6 Comer - Fiberglass 1.7 M2 Vent B-442

75 Grinnell AM4 Comer - Plywood 1.7 m2 Vent B-448

76 Grinnell AM4 Corner - Fiberglass 1.7 M2 Vent B-454

77 Grinnell AM4 Corner - Fiberglass 1.7 m 2 Vent B-460

78 Free Corner - Plywood 1.7 M2 Vent B-466

79 Grinnell AM4 Overhead - Plywood 1.7 in 2 Vent B-472
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APPENDIX C - COMBUSTIBLE BOUNDARY TEST DATA
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Table of Contents

Test # IWater Mist System Fire Scenario Ventilation Condition {Page #

71 Navy Corner - Plywood 1.7 m2 Vent C-3

72 Navy Comer - Fiberglass 1.7 m2 Vent C-4

73 Fogtech DK6 Corner - Plywood 1.7 m2 Vent C-5

74 Fogtech DK6 Comer - Fiberglass 1.7 m2 Vent C-6

75 Grinnell AM4 Comer - Plywood 1.7 M2 Vent C-7

76 Test Aborted

77 Grinnell AM4 Corner - Fiberglass 1.7 m2 Vent C-8

78 Free Corner - Plywood 1.7 m2 Vent C-9

79 Grinnell AM4 Overhead - Plywood 1.7 m2 Vent C-1I
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FORWARD STARBOARD
BULKHEAD SOURCE BULKHEAD

FIRE SOURCE
FIRE

OVERHEAD*

BLISTERING/BROWNING *Note: Overhead covered with soot

V CHARRING
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BULKHEAD SOURCE BULKHEAD

FIRE SOURCE
FIRE

OVERHEAD*

BLISTERING/BROWNING *Note: Overhead covered with soot

• CHARRING

Test #72
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FIRE SOURCE
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OVERHEAD*

I BLISTERING/BROWNING *Note: Overhead covered with soot
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Test #73
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EMj BLISTERING/BROWNING *Note: Overhead covered with soot
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Test #74
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BLISTERING/BROWNING *Note: Overhead covered with soot

V CHARRING

Test #75
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¶ BLISTERING/BROWNING *Note: Overhead covered with soot

I CHARRING

Test #77

C-8



FORWARD STARBOARD
BULKHEAD SOURCE BULKHEAD

FIRE SOURCE

FIRE

OVERHEAD*

• BURNTHOG *Note: Overhead covered with soot
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